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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to the 
field of communication systems for example wireless 
communications, such as cellular radb. The invention 
particularly relates to the field of encoding and decoding 

into a ' TIL* 19 ?* 5 by demulti e'**ing an input signal 
into a plurality of subsignals which are encoded differ- 
©niiy. 

BACKGROUND OF THE INVENTION 

[0002] Spectrumhasbecomeascarceandexpensive 
rad.o resource. Therefore when designing a radio sys 
em and in particular a mobile communication system it 

VSTT 0n bandWidth and spec * al ^'en- 
c*Conventionally there used to be a single radio link 

^o„ e :, a K ranSmitter 3nd 3 r6Ceiver - For tne scribed 
reasons it became more and more common to equip not 

muwL^ Stati0 " ^ a ' SO increasi "9<y terminals with 
S„t h ?" naS - An ° ther appraacn is to diss °'*e the 

different channels. This results in multiple-input mutti- 
ple-output (MIMO) channels 

[0003] Such a MIMO channel offers in theory a much 

IZT ° r " nk) CapaCity potential t^n a single 

channel with only one antenna at the transmitter and 
one antenna at the receiver. The crucial question re 
SSI M ; MOc "-ne,ishowtodesigna transmission 

otTn ? a V S , CaPabte ° f eXp ' 0itin 9 that ca- 
pacity potential in practice. 

DESCRIPTION OF THE PRIOR ART 

T B T diVerSity iS 3 Wide, y known t^hnique 
£2Sr f tS ° f ^ fading> eg - Rav,ei 9 n f ^ing 
tenn^ tH "T •** ° f ° r ™re transmitting an- 
tennas the s,gnals that are emitted by each antenna 

. « ^ SIQna ' S ° r si 9 na,s "lat had been 
encoded ,n dtfferent ways. In order to increase diversity 
gain and/or to add some coding gain Arthur R. Calder^ 
bank d,sclosed ,n WO 97/41670 design criteria to con- 

STC ^ n^tl ed r SPaCe - time °° d,B (STC >- ^ the »™e 
STC indicates it is a combination of spatial and temporal 

diverse techniques. Generating different symbols to 
the same input data and transmitting each symbolsove 
adherent antenna effects spatial diversity. Tempor^dT 

wrthsameinformationcontent at different times. Calder 
Sl P l° P Kf e f f ° r generatina the symbols either trellis 
codes or btock codes having a trellis representation 
This keeps the construction of a corresponding receive 
very s.mp.e, r mu,tip.e receive antennas are used 
Thanks to the trellis structure of the transmitted signal 
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a maximum likelihood decoder like a Viterbi decoder can 

99/14871 a block-coding scheme which for spatial di- 
versity generates symbols that just differ in sign or/and 
are the complex conjugate of each other. This coding 

oT r ZZ Ve,y K SimP ' e ' 38 " " eedS ^ basic ari t^etic 
X h! ' k"? 33 ne9ati0n and ""Mjston. Addition- 
10 S2f T arS permutat ed within each block. This 

SSs? . a ' SO a " 0WS 3 Simpte receiver s ^cture. 

[0006] It can be shown thatthe transmission capacity 
of the described space time coded transmission teclv 
mques ,n the presence of noise signals in best case 

is 3 Whi ' e CapaCitV 0f an u "^iy- 

mg MIMO channel grows linearly with the number of 
channel or antennas. Because of fundamental infor- 
mation theoretical limits high data rates are only achiev- 
able at a high signal to noise ratio (SNR) Assumina 
such high SNR the difference between the theoS 
* capacrty of the MIMOchanne.s and STC becomes evSn 
more significant. This means regarding an application 
wrth multiple receive antennas a partiatiy signK °- 
duction .n potential data rate has to be accepted 
25 sh °l ? make an substantial approach towards the 
2 T aT T GSrard J - F ° SChini P ro P° s ^ in EP 0 817 
™,mZ 3 ySred space " time architecture employing 
^etement antennas. The transmitter for that layered 
space-time architecture comprises a multiplexer for 
30 ™ ,t,p,ex,n 9 a stream °t data received from a source of 
2SL' ° 3 P ' Urality ° f substrea ™ of data. These S ub- 
sfreams are supplied to modulator/encoder circuits 
which may independently encode and then modulate 

35 thf ! commutator, which associates each of 

the encoded substreams of data with each of a plurality 
of antenna elements, whereby the association e g. is or 

be P ^n ermmed dUrati ° n ° f time " Tnus the association 
behveen an output stream of one of the modulators/en- 

40 -^Stth a " antenna is Periodically cycled. The idea 
inlo ee r deddatastrea ^shareabalancedpres- 
ence over a transmission paths to a receiver and tEere- 

Zl^f i^diVidUa, bit Streams is contiguously 
subjected to the worst of all paths 
[0008] A corresponding digital wireless receiver com- 
RF^ eS » aP ' Ura ''* y °^ an * er, nas and a bank of conventional 
Receiver sections, which interface with the antennas 

tZTZT 50 ' T CSiVeS thS Signals of tne ante "nas as 

between Lf a ' ^ a " d e,iminates interference 

bo traSon T 9 ? mP ° nentS USing nulli "9 and re- 
traction of previously detected symbols. A Decoder 

processes the preprocessed signal vectors to detect the 

TnT ta SUbStreamS and thUS the s ^cols rep 
resenting the encoded substreams. The Oecoder then 
suppl.es the symbols to the preprocessor so that inter 

Z S fZ r Si9na,S a,feady d6teCted ma V b « 
ImT L eC6,Ved Signal vector A multiplexer then 

date s!re X a e m SUbStreamS l ° reC ° nStmCt ' he ° riginal 
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[0009] The theoretical gain of that coding scheme that 
is now named BLAST (BellLabs Layered Space Time 
Architecture) looks promising. The transmit signal struc- 
ture of BLAST implies independent symbols at the an- 
tennas. All antenna signals have equal average power 
and the same code rate if channel coding is applied. Un- 
fortunately recent studies showed that in practical sys- 
tems the performance of BLAST is limited by error prop- 
agation. Especially, for the first antenna signal to be de- 
coded N T receive antenna signals have to be used for 
interference suppression. That means, that only the dif- 
ference N q -N T between the number of transmit anten- 
nas N T and the number of receive antennas N R remains 
to exploit receive diversity. Hence, in the case that the 
number of receive antennas equals the number of trans- 
mit antennas N T =N R no diversity is left for decoding the 
first antenna signal. Thus in most cases the overall per- 
formance is determined by the first decoded signal lim- 
iting the achievable transmission rate. 

SUMMARY OF THE INVENTION 

[001 0] It is an object of the invention to improve trans- 
mission quality in MIMO systems also under bad condi- 
tions like poor signal to noise ratio. 
[0011] This object is achieved by a method compris- 
ing the steps of mutually superimposing the subsignals 
and applying diversity to each subsignal. 
[0012] By these encoding steps the transmit signal 
consists of multiple layers to which diversity has been 
applied. These especially constructed layers are named 
in the following as strata to distinguish these strata from 
the layers known from prior art. The strata allow a staged 
decoding which is far less complex and almost as pow- 
erful as an optimum decoder. Every stratum is associ- 
ated with a substream of the data stream. The transmit 
signal is created thus that full diversity is achieved for 
transmission in every stratum. 

[0013] In contrast to the known layered space time 
technique, where each data layer is assigned exclusive- 
ly to one of the N T available transmit antennas, the cod- 
ing scheme according to the invention constructs the 
signals of each stratum thus that each stratum stream 
is transmitted preferably via each transmit antenna. In 
the case that one of the transmit antennas is opposed 
to bad propagation conditions thus that all paths from 
that antenna are effectively lost in prior art layered space 
time technique. This will result in a total loss of ail infor- 
mation transmitted via this antenna, since in prior art 
technique the data streams are constructed to be inde- 
pendent from each other. Therefore it would not be pos- 
sible to recover the lost data. However with the coding 
scheme of the invention the bad conditions for different 
antennas may be compensated by transmission via oth- 
er paths since each layer experiences every path. That 
means with that concept capacity is achievable for a giv- 
en propagation and disturbance situation. 
[001 4] The advantage of this coding scheme is that a 



repetition like in prior art space time coding schemes is 
avoided and independent symbols are achieved. Addi- 
tionally full diversity is available at the receiver for each 
signal to be decoded. 

5 [0015] In a further embodiment of the invention the 
transmit signal is adapted to the actual channel condi- 
tions in order to enable receiver techniques based on 
successive decoding with interference cancellation 
without wasting transmission capacity. Due to the spe- 

* 0 cial construction of the signal strata the variation in rate 
and/or power being signalled back and adapted at the 
transmitter are significantly reduced. As this coding 
scheme provides equal channels for ail strata, all paths 
are experienced by every stratum and thus the channel 

is characteristics for each individual stratum is much more 
balanced. 

[001 6] Preferably each data stream is transmitted on 
the same power level and only the code rate of each 
data stream is adapted. Same power levels will balance 

20 the interference situation at the receiving antennas. If 
an appropriate coding technique like e.g. space-time 
coding is used for generating diversity this will also en- 
sure uncorrelated antenna signals. In comparison here- 
to power adaptation encoders enabling different code 

25 rates are more or less a little bit more complicated. Using 
convolutional codes code rate adaptation may be easily 
accomplished by puncturing. 

[001 7] For some reasons it might also be considered 
not to use a feedback channel e.g. if the channel and 

30 hence the resolution adaptation changes too fast or in 
the case of broadcasting information to a plurality of re- 
ceivers. If it is not considered to use a feedback channel, 
or as a fall-back solution when a feedback channel can 
not or should not be used momentarily, another possi- 

35 bility is to use an iterative decoder. Thus power and code 
rate at the transmitter could be chosen to be equal for 
ail data strata. 

[0018] Different code rates according to the order of 
decoding are also possible, e.g. the stratum to be de- 

40 coded first may be given the lowest code rate since in- 
terference of all other strata is present and so on. Such 
different code rates in certain situations will accelerate 
convergence of iterative decoding. 
[0019] Due to the signal structure of the proposed 

45 coding scheme it could be presumed that every stra- 
tum's signal undergoes comparatively similar channel 
and interference situations. That means available diver- 
sity and disturbing interference is similar for all strata. 
Therefore, in a staged decoding procedure each indi- 

50 vidual decoder has to cope with similar noise and inter- 
ference conditions except for the fact that the interfer- 
ence of previously decoded signals may be removed. 
Thus ideal conditions are provided by the proposed cod- 
ing scheme to use iterative decoding techniques like the 

55 so-called turbo decoding. Such a decoding provides 
near maximum-likelihood decoding performance with 
already a few iterations. 

[0020] E.g. the decoder of the first stratum may expe- 
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rience a channel and interference situation which ex- 
ceeds its error-correcting capabilities. However, in a 
second or any further decoding cycle, the first decoder 
might succeed in providing the transmitted data correct- 
ly since the interference of the other strata has been re- s 
duced or even cancelled by the individual stratum de- 
coders in a previous cycle. 
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BRIEF DESCRIPTION OF THE INVENTION 

[0021] In the following the invention will be further de- 
scribed according to the figures and by means of exam- 
ples 



Fig. 1 : Block diagram of a MIMO transmitting system is 
Fig. 2 Transmitter according to the invention 



Fig. 3 Receiver according to the invention 

Fig. 4 Multi-stratum generation with adaptive anten- 
nas 



20 



£0022] One aspect of the invention is that the receiver 
uses layered decoding, that means to give a short out- 25 
line beforehand that signals of different layers are de- 
coded successively whereby signals of already decod- 
ed layers are considered as disturbing interference For 
layered decoding the following condition has to be met 
in practice 3Q 

2 < min (N R , N T ) < N < N T 

where N R represents the number of receiving antennas 35 
N the number of parallel data streams and N T the 
number of transmitting antennas. Just to be accurate the 
expression min(N R ,N T ) stands in general for the rank of 
the channel matrix which has as entries the coefficients 
of all existing paths. There is no benefit for making N 40 
larger than min(N R ,N T ) but the scheme still works. 
[0023J In the following description of an embodiment 
of the invention a configuration that meets the minimum 
requirements N R = 2, N = 2 and N T = 2 has been chosen 
for reasons of clarity and conciseness. 45 
[0024] Fig. 1 gives a coarse overview of a transmitting 
system with at least one transmitter 1 and one receiver 
4. For bi-directional communication the transmitter 1 
and the receiver 4 will be part of transceivers, each pro- 
viding a transmitter as well as a receiver. In the case of so 
a mobile communication system of course there will be 
a so-called base station, equipped with a plurality of 
transceivers for serving a plurality of mobile transceiv- 
ers. Nevertheless this minimum system is sufficient to 
explain the invention. 55 
[0025] The transmitter 1 emits via two transmitting an- 
tennas 2a, 2b signals constructed according to the mod- 
ulation scheme disclosed by the invention. As in this em- 



bodiment at the receiver 4 there are also two receiving 
antennas 3a, 3b four possible paths 51, 52, 53 and 54 
could be distinguished in the multiple input multiple out- 
put (MIMO) channels. Further in the first embodiment of 
the invention a feedback channel 6 is provided. Al- 
though this feedback channel is indicated in Fig. 1 only 
by a single line in a bidirectional transmission system 
this feedback channel 6 usually will be realised by em- 
bedding feedback information into other user informa- 
tion sent back in the other direction. Thus the feedback 
information may be also sent via MIMO channels. 
[0026] Fig. 2 shows in more detail those parts of the 
transmitter 1 , which are in direct relation to the invention 
Other parts not affected by the invention, like power sup- 
ply etc. have been omitted for the purpose of clarity 
Usually useful data b (e.g. speech coded data or data 
of a file transfer) to be transmitted to a particular user 
will be present as a stream of data items, like bits. De- 
pending on the system architecture other data, like con- 
trol data p, r or signalling data s may be added, e.g by 
means of a multiplexer 1 1 to form a stream of unprotect- 
ed user data. By means of a channel encoder 12 redun- 
dant information calculated from the user data is added 
for the purpose of improving transmission quality and 
providing error protection. E.g. in the world wide spread 
GSM system block convolution^ codes, a Fire-code 
and parity codes are used for this purpose. The output 
of the channel encoder are transmission symbols X 
stemming from a symbol alphabet e.g. QAM symbols 
That means a possible mapping from coded bits to sym- 
bols is included in the channel encoding unit. 
[0027] The channel encoder 1 2 of this embodiment is 
provided with a code rate adaptation controlled by the 
receiver 4 via the feedback channel 6. The control val- 
ues R 1 , R 2 , which have been received via the feedbach 
channel 6 are used to individually set the data rate of 
each stratum. As it will be explained later on in more 
detail the purpose of code rate adaptation is to increase 
redundancy if a loss in transmission quality is encoun- 
tered and vice versa. 

[0028] The design of such a code rate adaptable 
channel encoder 12 depends on the available band- 
width of the transmission system. If only a constant 
bandwidth (= constant data rate of the channel encoded 
data) is available also the data rate of the source signal 
has to be reduced to spent the saved data for channel 
encoding. A technique to adjust the amount of added 
redundancy is the so-called puncturing. The rate adapt- 
ed source signal is always encoded with constant re- 
dundancy giving a constant error protection. The vol- 
ume of redundancy could be chosen thus that a source 
signal with a data rate adjusted at the lowest level to- 
gether with the added redundancy reaches exactly the 
available transmission data rate. Due to the constant re- 
dundancy the overall data rate at a higher source data 
rate would exceed the available data rate. But as a high- 
er source data rate is admitted because of a higher 
transmission quality that allows using less error protec- 
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tion some of that redundancy has become superfluous. 
Therefore specific redundant information can be re- 
moved to achieve the available transmission data rate 
without putting receive quality in jeopardy. 
[0029] Usually adaptation of speech source data rate 
is limited or even impossible. Newer communication 
systems like the third generation partners project 
(3GPP) have been designed from the beginning with se- 
lectable transmission capacities. In a system like this if 
more error protection is required a central control station 
for allocating more transmission capacity for a disturbed 
communication link could handle this request. 
[0030] For purposes of file transfer an adaptation of 
the source data rate in most cases is not as crucial as 
for speech encoded data. Expanding error protection 
will of course increase transmission time, but for non- 
time-critical applications like reading e-mail an increase 
of transmission time will be tolerated in favour of error 
free reception. 

[0031] After encoding the channel encoded data 
stream X is then demultiplexed by a demultiplexer 13 
into a number N of substreams. As already pointed out 
the number of substreams ideally matches the rank of 
the channel matrix, which corresponds in most cases 
min(N R ,N T ). In praxis N can be chosen to match the 
number N T of transmit antennas. In this embodiment ac- 
cordingly two substreams and x 2 are provided. 
[0032] The data items of each data substream are 
grouped ongoing into data elements x 11f x 12 , ... and x 21 , 
x 22 , Every two data elements x 11f x 12 and x 21 , x 22 of 
each substream are combined to form data vectors X 1 
X 2 
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[0035] Preferably for superimposition an orthogonal 
transformation is used, since it ensures that the input 
vectors at the following diversity encoder are uncorre- 
cted and an orthogonal transformation will make it eas- 
ier to separate the superimposed data substreams at 
the receiver. For the two vectors X 1t X 2 of this embodi- 
ment an orthogonal superimposition for example will 
give 

x a ~ t x 1 1 + x 21 « x 12 + x 22l 



X P 



= [x 12 - x ; 



'22' x 11 * X 2lJ 



[0036] As it is known an orthogonal transformation 
can be achieved by an inverse discrete Fourier trans- 
form (IDFT), a Walsh transform or a Hadamard trans- 
form just to list some possibilities. By this the superim- 
position takes place along the spatial dimension. That 
means, only symbols from the same time instant are in- 
volved in the transformation. 

[0037] The orthogonized vectors X a , X p are then input 
each to diversity encoders 1 5a, 1 5b giving two encoded 
vectors X a , X b , the elements of which form transmit sym- 
bols that are fed to modulators 16a, 16b. As in the em- 
bodiment of the invention a space-time block code ac- 
cording to Alamouti has been chosen the values of the 
encoded vectors are 

X a " t X 11 + x 21» * ( X 12 + x 22)*l 



*1 = t X 11» X 12l 



35 



*b ~ t X 12 " x 22» ( X 1 1 " X 21 n 



X 2 - fx 21 , x 22 ] 

[0033] The data vectors X v X 2 then are mutually su- 40 
perimposed by means of transformers 14a, 14b to two 
superimposed vectors X a , X p before space-time coding. 
Space-time coding, or in general every diversity achiev- 
ing scheme relies on the fact that replicas of one data 
vector are transmitted in different manners and combine 45 
the results appropriately at the receiver. 
[0034] The purpose of superimposition is that at he 
input of the following diversity encoder, e. g. a space- 
time block encoder, N independent data vectors are pro- 
vided. If N is less than N T the remaining N T - N input so 
vectors may be filled by arbitrary copies out of the inde- 
pendent N ones. However, it is important that with re- 
spect to an individual data vector, e.g. X 1t the input vec- 
tors to the diversity encoder are again replicas of each 
other maybe except for some phase shifts or other mod- 55 
ifications if all other data vectors are set to zero. By this 
kind of superimposition the original diversity achieving 
features of any diversity encoder are preserved. 



where the "* m denotes a complex conjugate. Thus the 
encoded vectors X a , X b comprise overlapped space- 
time encoded replicas of the original data vectors X 1 , X 2 
but differently modified such that orthogonality between 
all data vectors is ensured. As it can be easily seen due 
to the combination of replication and orthogonality the 
four transmit symbols 



»11 



*11 



+ x. 



21 



S 12 = ' ( x 12 + X 22)* 
^21 = X 12 ' X 22 
^22 ~ ( X 11 " x 2l)* 

are independent of each other. 

[0038] The symbols S„ , S 12 , S 21 , are then fed to 
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two modulators 16a, 16b, one for each transmitter 
branch. Each modulated signal is then amplified by sep- 
arate power amplifier 1 7a, 1 7b and emitted by two trans- 
mit antennas 2a, 2b. In this embodiment power control 
signals P 1f P 2 , which have been received via the feed- 5 
back channel 6 are used to control the output power lev- 
el of each power amplifier 1 7a, 17b. 
[0039] With the described combination of orthogonal 
superimposition and replication the repetition nature of 
diversity signals is no longer present in the symbols, w 
Thus the major drawback e.g. of conventional STC is 
overcome. In principle, the capacity of this coding 
scheme for N T . 2 is equal to the capacity of the under- 
lying MIMO channel. For more than two transmit anten- 
nas N T > 2 STC will cause a rate loss. However, the is 
increase in capacity is still linear whereas STC for itself 
will offer only a logarithmic increase. 
[0040] It also has been evaluated that is also possible 
to encode the channel-coded data streams first by a di- 
versity encoder and then to apply the (orthogonal) su- 20 
perimposition. The resulting symbols may be different, 
so that this has to be taken into account in a correspond- 
ing receiver but the general advantage is preserved. Al- 
though in this example a space-time block code has 
been applied also a space-time trellis code will offer the 25 
same effect or any other diversity scheme like delay di- 
versity. 

[0041] A receiver adopted for the described coding 
scheme will make use of a modified layered decoding. 
Layered decoding, as known from BLAST means that so 
firstly a first data vector X, is decoded treating the other 
data vectors X 2 as disturbing interference. After that first 
data vector X1 is decoded, the corresponding part of the 
receive signal related to that first data vector X 1 is sub- 
tracted from the receive signal of the antennas. Thus 35 
the remaining receive signal consists only of the remain- 
ing data vectors. In the described case, where the trans- 
mit signal is constituted by only two independent data 
vectors the remaining data vector already corresponds 
to the second data vector X 2 . In general for N > 2, the 40 
number of interfering signals decreases by one for every 
decoded stratum. Only the last stratum may be decoded 
without interference. 

[0042] For recovering the originally sent information 
a conventional receiver with an appropriate decoder 45 
may be used. As a person skilled in the art is familiar 
with the construction of a conventional receiver only a 
coarse description of such a conventional receiver is 
given. 

[0043] Fig. 2 shows a first embodiment of a receiver so 
that is adapted for the described coding scheme. To op- 
timise transmission capacity over a currant channel sit- 
uation the receiver of the first embodiment is based on 
adaptation of transmission parameters using a feed- 
back channel to the transmitter. ~ 55 
[0044] The receive signals of each antenna 4a, 4b are 
processed in a RF receiving module 51 in the usual way, 
e.g. filtering, amplifying etc. for getting a data stream Y 1} 



Y 2 of samples for each antenna signal. As already men- 
tioned a resolvable data stream may result from sepa- 
rate antennas or from resolution of separate signal prop- 
agation paths, e.g. in a so-called RAKE receiver or any 
combination of this. These data samples are fed to sep- 
arate demodulator units 51, 52, one for each resolved 
data signal. A channel estimator 53 provides channel 
coefficients that describe the estimated properties of 
each resolved data signal. Each demodulation unit 51, 
52 uses these channel coefficients to compensate dis- 
tortions introduced by each separate data signal. 
[0045] For the decoding of MSSTC signals layered 
decoding is most convenient. Each demodulation unit 
51, 52 pre-processes said receive signal samples 
Y 2 prior to decoding them in separate decoders 54, 55! 
The preprocessing includes the space-time decoding 
and appropriate precompensation of the demodulated 
signals for channel decoding, e.g. an MMSE or a 2F ap- 
proach may be chosen for preprocessing. Dependant 
on the actual implemented demodulation scheme, each 
channel seen from a decoder point of view is different. 
This so-called equivalent channel, which may be essen- 
tially characterised by its signal-to-noise ratio, defines 
the required transmission parameters for optimal exploi- 
tation of the respective transmission channel. In this em- 
bodiment the respective code rate R 13 R 2 and the re- 
spective transmission power levels P t , P 2 are used as 
parameters. These parameters are evaluated by the re- 
spective demodulation units 51, 52 and are transmitted 
to the transmitter by means of feedback channel 6. 
[0046] At first the first demodulating unit 51 demodu- 
lates the first data vector X 1 to get estimation values for 
the first orthogonal superimposed Vector X a . This esti- 
mated Vector is then decoded in the first decoder 54 to 
get estimations of data elements of the first data vector 
X v These estimated first data vectors are input to the 
second demodulator 52. The second demodulator is us- 
ing the estimated values of the first data vector X 1 to 
calculate a compensation signal which is subtracted 
from the received signal in order to compensate those 
signal parts that originate from the first data vector X v 
Then the extracted signal is pre-processed according to 
the channel estimation giving an estimation for the sec- 
ond superimposed data stream of the transmitted sig- 
nal. The second decoder 55 decodes an estimation for 
the data elements of the second data vector Xg. 
[0047] The described decoding process may be re- 
peated in an iterative manner in the case the channel 
varies too fast so that the adaptation can not follow or 
in the case there has no adaptation been implemented. 
E.g. power/code rate adaptation could be used only for 
one transmission direction, e.g. in down-link and in the 
other direction e.g. in up-link confidence is placed in it- 
erative decoding. E.g. by this the more sophisticated 
techniques like adaptive rate encoders and iterative de- 
coding is concentrated in a base station whereas the 
complexity in the mobile terminals could be kept rela- 
tively low. 
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[0048] Further advantageous application fields of the 
invention are orthogonal frequency-division multiplex- 
ing (OFDM) based transmission systems like the so- 
called HIPERLAN/2. In OFDM, the output symbols of a 
channel encoder are modulated onto sub-carriers being 
orthogonal to each other. There are in general two pos- 
sibilities to apply the invention to OFDM. One possibility 
is to apply said transmit symbols S 11t S 12> Sg-i, S22 of 
each stratum in time direction, e.g. to use a single sub- 
carrier for each encoded vector X a , X b and to transmit 
the different transmit symbols one after another. For ex- 
ample according to the foregoing example with two 
transmit antennas the transmit symbols S 11t S 12 of the 
first encoded vector X a are transmitted alternately via a 
first transmit antenna whereas the transmit symbols 
of the second encoded vector X b are transmit- 
ted alternately via the second transmit antenna. To ben- 
efit from the space time coding effect the same sub-car- 
riers should be used for the different transmitters. This 
is the preferred solution for quasi-static channels. 
[0049] The other possibility is to apply the transmit 
symbols in frequency direction, e.g. to use as many sub- 
carriers as transmit symbols are provided for an encod- 
ed vector. Thus the transmit symbols of each encoded 
vectors are transmitted simultaneously via different sub- 
carriers. As by this the transmit time of a data vector X 
is reduced to symbol time this transmitting method is 
most suitable for fast varying transmit channels. To en- 
sure a maximum of identical channel properties prefer- 
ably neighboured sub-carriers should be used. Adjacent 
channels usually stand for the best chance of experi- 
encing essentially the same channel attenuation and 
phase shift. Of course for special conditions a combina- 
tion of these two possibilities may give the best trade- 
off result. 

[0050] Another application field of the invention is the 
field of code-divison multiple access (CDMA) systems. 
In CDMA systems the transmitted signals can be time 
synchronised on a symbol level. Often orthogonal 
spreading codes are used to separate the data of differ- 
ent user. For the following embodiment of the invention 
one symbol is transmitted per spreading code. For ex- 
ample the symbol can be a BPSK, QPSK, or any QAM 
or PSK symbol. Already known systems like the 3 rd gen- 
eration partnership project (3GPP) Wideband-CDMA 
(W-CDMA) provide a set of orthogonal codes with dif- 
ferent code lengths to support different data rates for 
different users and applications. Due to orthogonality 
the number of available spreading codes is limited. 
Spreading codes of shorter length, which allow to sup- 
port higher data rates, block an accordingly larger part 
of the available spreading codes. Due to the nature of 
3GPP the system capacity in the down-link suffers 
above all from the limited availability of orthogonal 
codes. Often a minimum spreading factor is defined 
since for example a minimum number of common con- 
trol channels need to be transmitted in parallel to the 
user's signal. But this results in a limitation of the data 



rate available for each user. As a way out 3GPP pro- 
vides the so-called multi-code transmission where a us- 
er is assigned more than one orthogonal code. The data 
stream of a user is serial to parallel converted and the 
5 parallel data streams are used to modulate the orthog- 
onal codes assigned to the considered user. 
[0051] Usually, if for example one symbol is transmit- 
ted per spreading code, the multi-code scheme allows 
transmitting L symbols per spreading code period using 
10 L orthogonal codes. At the time it is discussed to space- 
time encode the multi-code signal and transmitted these 
signals via two antennas. Using two antennas U2 sym- 
bols are transmitted by each of the two antennas per 
spreading code using L orthogonal codes. The space- 
's time coding scheme may be applied on each sub-signal 
before modulation with the orthogonal codes and sum- 
ming up all different signals or the space-time coding 
may be applied to the multi-code signal. 
[0052] The invention proposes to... instead of using 
20 the multi-code scheme as long as the number of avail- 
able orthogonal codes L is less or equal to the number 
K of antennas. In case L is greater than K int(L/K)+1 
orthogonal codes are used for the considered user. On 
each orthogonal signal the multi stratum scheme is ap- 
25 plied. 

[0053] With this combination of the MSSTC scheme 
and the multi-code scheme, L symbols are transmitted 
per spreading code period and per antenna using int(L/ 
K)+1 orthogonal codes. Thus, for the same user data 

30 rate a smaller number of orthogonal codes is blocked - 
or for the same number of available orthogonal codes a 
higher data rate is supported. Alternatively, the spread- 
ing factor used can be increased still supporting the 
same data rate and blocking the same part of the or- 

35 thogonal spreading codes. 

[0054] In the following as an example K=2 antennas 
and spreading codes of spreading factor SF = 4 are 
used. With L = 2 orthogonal codes for the considered 
user, two symbols are transmitted per antenna and per 

40 code period. Using the known scheme by this half of the 
available orthogonal codes are blocked for transmis- 
sion. Applying the MSSTC scheme according to the in- 
vention with the same data rate per antenna only one 
orthogonal code, i.e. 25% of the available codes has to 

45 be used. Using two orthogonal codes of spreading factor 
SF a 8 and applying the MSSTC scheme independently 
on both orthogonal codes only 25% of the orthogonal 
codes have to be used for the same data rate per an- 
tenna. Alternatively applying the MSSTC scheme inde- 

50 pendently on each orthogonal code using the same per- 
centage of orthogonal codes the data rate may also be 
doubled. 

[0055] It is important to note that the presence of mul- 
tiple receive antennas is not a prerequisite to have Mi- 
ss MO channels. In general, the MIMO channel is charac- 
terised by the number of resolvable wave field compo- 
nents of the emitted signal. Therefore; e.g. multiple 
transmit antennas in a CDMA system together with a 
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multipath propagation and a RAKE receiver constitute 
a MIMO channel as well. Although in the embodiments 
multiple receive antennas have been taken to describe 
the invention, it should be well understood that the in- 
vention applies to every MIMO channel. 
[0056] Another application of the invention is the use 
of adaptive antennas. The core property of a signal 
based on adaptive antennas is that essentially the same 
signal goes via each antenna except that the signal 
phases are adjusted properly. The result is that the emit- 
ted waves superimpose themselves in a constructive 
manner. Common to such signal design approaches for 
M IMO channel is that they impose a certain structure on 
the transmit signal or in other words the transmit sym- 
bols are not independent of each other. 
[0057] This structure or interdependence of symbols 
is imposed in order to achieve certain properties of the 
transmission scheme, e.g. reasonable receiver com- 
plexity. From an information theoretic point of view, such 
a structure leads to a reduction of the dimensionality of 
the transmit channel. If, e.g. N T = 3 transmit antennas 
are present, a three-dimensional transmit signal with in- 
dependent symbols being transmitted from the anten- 
nas may be constructed. Imposing e.g. a repetition 
structure on the transmit signal reduces the dimension- 
ality to one, since only one symbol per channel use is 
effectively transmitted. 

[0058] The dimensionality of the channel is equal to 
the rank of the channel matrix, In a MIMO environment 
the channel dimensionality will be greater than one in 
most cases. But if the channel has a dimensionality 
greater than one, then it is a waste of capacity to use a 
transmit signal with repetition structure. In general if the 
dimensionality of the transmit signal is lower than the 
dimensionality of the channel then the channel is not op- 
timally exploited or in other words the capacity of the 
channel may not be achieved. Therefore any transmit 
signal containing a repetition structure does not achieve 
capacity. 

[0059] The multi-stratum approach of the invention 
may be used to increase the dimensionality of the trans- 
mit signal by achieving independence among the sym- 
bols being transmitted via different antennas. At the 
same time the structure originally imposed on the trans- 
mit signal and by this the essential properties are re- 
tained in the individual strata. That means that e.g. the 
same receiver algorithms may be used in the individual 
strata as before while the spectral efficiency of the trans- 
mission scheme may be increased. 
Fig. 4 shows an embodiment for a transmitting system 
with three adaptive antennas, e.g. N = N T « N R = 3. 
While the symbols at the input of the combiner may con- 
tain dependencies within one transmit block, consisting 
in this embodiment of nine symbols along the antenna 
axes, this dependencies are removed at the output of 
the combiner because the combiner is based on an or- 
thogonal transformation, here the DFT. It should be em- 
phasised that combining is not necessarily equal to DFT, 



it is only based on the DFT principles. The symbols at 
the first antenna Y 1 are combined with a mutual phase 
shift of zero, the symbols of the second antenna Y 2 with 
2n/3 and the symbols at the third antenna with 4n/3. 

s However, it need not be a DFT, any other orthogonal 
transformation may be used to create such a multi-stra- 
tum signal. The created multi-stratum signal has a di- 
mensionality of three and matches perfect to a channel 
of dimensionality three. If the channel has a lower di- 

10 mensionality N, e.g. N = 2 then N = 2 strata are sufficient 
as well. 
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1. A method for coding an input signal to generate a 
plurality of output signals that are foreseen to be 
emitted by a plurality of antennas comprising the 
steps of 

demultiplexing the input signal into a plurality 
of subsignals 

mutually superimposing the subsignals 
- applying diversity to each subsignal. 

2. A method according to claim 1 wherein for super- 
imposing the subsignals an orthogonal transforma- 
tion is used. 

3. A method according to claim 1 or 2 wherein for ap- 
plying diversity to the subsignals a space-time code 
is used. 



4. A method according to claim 1 wherein the transmit 
35 signal is adapted to the actual channel conditions 
by means of a feedback signal. 



A method according to claim 1 or 2 wherein for ad- 
aptation different code rates according to the order 
of decoding are used for encoding. 



30 



40 



6. A method according to claim 3 or 4 wherein for ad- 
aptation the transmit power is set to different levels. 

45 7. A method according to one of the preceeding claims 
wherein the substreams are emitted via more than 
one antenna. 



8. 



50 



55 



A method according to one of the claims 1 to 6 
wherein orthogonal frequency-division multiplexing 
is used for transmitting the different substreams. 

A method according to one of the claims 1 to 6 
wherein the method is applied to orthogonal signals 
of a code multiplex system. 



10. A method according to one of the claims 1 to 6 
wherein the method is applied to adaptable anten- 
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nas. 

1 1. A transmitter in which the method claims 1 to 1 0 are 
performed. 

5 

12. A receiver for decoding a receive signal which has 
been generated according to a method of claims 1 
to 6 wherein the decoder uses a decoder that cor- 
respons to the diversity coder used in the transmit- 
ter. 10 

1 3. A receiver according to claim 1 2 wherein the decod- 
er makes use of iterative decoding. 

14. A receiver according to claim 12 or 13 wherein the 15 
decoder generates a feedback signal for adapting 
code rate and/or power level of a transmitter. 
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